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Climatic conditions at a site are among important input parameters when assessing the efficiency and effectiveness of an heating/cooling facility at that site. Air temperature data are particularly relevant in this context (Šleger et al. 2009 ).
Design climatic conditions for the Czech Republic can be found, e.g., in the Czech/European Standard ČSN EN 12831 (2005) or in the ASHRAE Handbook -Fundamentals (2005) , summarizing data collected from 4,422 stations especially in the USA and Canada, as well as from other countries worldwide. However, the data have been compiled based on old or short measuring series and do not match each other enough from the time and/or space aspects. Although not impossible, collecting new and, at the same time, long-run and detailed data from the Czech Hydrometeorological Institute (Prague) would be a very expensive project, requiring the processing of a large volume of data, which are often difficult to obtain.
The present paper analyses the problem of calculation of the average number of hours in a year during which air temperature is lower than a preselected limiting level. The work encompassed 30 sites in the Czech Republic at different altitudes and with different average temperatures, using weather data from the 1961-2000 period.
MAteRiAl ANd Methods
Climatic conditions at specific areas were assessed based on daily meteorological data over the period from January 1, 1961 to December 31, 2000, obtained from the non-governmental organization "National Climate Programme for the Czech Republic" (NKP). The maximum, minimum, and average daily temperatures collected from 30 weather stations are available in the electronic format. The maximum and minimum daily air temperatures were determined by using extreme thermometers. The average daily temperature was calculated from data measured in predetermined time points (at 7 a.m., at 2 p.m., and at 9 p.m.).
Weather stations performing continuous measurements at fixed sites (as far as possible) were selected. All of them lie within the Czech Republic between 48.8° and 50.8° north latitude at altitudes from 158 to 1,324 m.
Considering a typical temperature development during the day (Květoň 2001) , the number of hours during which air temperature is lower than the predetermined limiting level can be estimated. Now, if the limiting temperature is higher than the maximum daily temperature, air temperature is lower than the limiting level for 24 h of the day, whereas if the limiting temperature is lower than the minimum daily temperature, air temperature is never lower than the limiting level that day.
A problem only occurs if the limiting level lies between the maximum and minimum daily temperatures. It is suggested that the actual interdependence between the number of hours with lower temperatures during the day τ d (h) and the limiting temperature θ lim (°C) lying within this range can be fitted with 4 different functions defined in Table 1 , as shown in Fig. 1 .
In 2 variants, see arc sine curve 2 and linear function 2, the number of hours with temperatures lower than the limiting level is calculated based on the minimum θ min (°C) and maximum θ max (°C) daily temperatures solely, whereas in the other 2 variants, i.e. arc sine curve 1 and linear function 1, the average daily temperature θ avg (°C) is also taken into account and it is assumed that temperatures lower than the average level occur for 12 h during the day.
The four functions were tested on data of 2005, a year for which hourly air temperature data collected by the weather station at the Czech University of Life Sciences in Prague (Czech Republic) are available at http://meteostanice.agrobiologie.cz.
The function with the lowest absolute and relative errors was then used to calculate the number of hours with temperatures lower than 55 selected limiting levels (from -21°C to 33°C) over the entire Table 2 . to be continued 40-year period at all of the 30 weather stations. The least squares method was applied to fit the large volume of resulting data with a quadratic regression dependence of the number of hours on the average yearly temperature of the specific site. Only such regression functions whose coefficient of determination (correlation coefficient squared) was higher than 0.8 were considered significant.
Results ANd disCussioN
The calculated estimates in comparison with actual data measured by the Prague-Suchdol, Czech Republic weather station in 2005 are shown in Fig. 2 . Very good results were obtained with all the four functions used.
The true values are best fitted by the arc sine function passing through the minimum, average, and maximum daily temperature levels (arc sine curve 1). The absolute error of the estimate is higher than 24 h only six times among the 46 values (Fig. 3) , i.e. at 17°C to 21°C (the relative error, however, is lower than 0.7%) and, furthermore, at 1°C, where this function led to the maximum absolute deviation of 53 h (relative error 3%).
The average absolute difference between the estimate and the true value is lower than 14 h for this function, while the same difference for the arc sine function passing through the minimum and maximum levels only (arc sine curve 2) is 16.4 h, for the linear function passing through the minimum, average, and maximum daily temperature levels (line- This method was applied to calculate the data, and a table of average numbers of hours in a year with temperatures lower than 55 limiting levels (from -21°C to 33°C) was set up based on meteorological data for 30 sites within the Czech Republic. Statistical analysis revealed that significant interdependence, given in Table 3 , exists between the average number of hours (τ) in a year with temperatures below the limiting level (from -10°C to 31°C) and the average yearly temperature (θ yr ).
The results can be used when calculating the power demands of heating/cooling facilities in agricultural and other buildings at sites with average yearly temperatures between 2.8°C and 9°C. ar function 1) it is 29.9 h, and for the simples linear function, which only passes through the minimum and maximum daily temperature levels (linear function 2) it is 35.2 h. At lower temperatures (in the winter season) the differences are mostly positive for the arc sine function, in other words, the calculated number of hours with low temperatures is higher than the actual value. This implies that the true energy consumption for heating would be lower. The reverse is true of days with higher temperatures: the differences are negative, i.e. the estimated number of hours is lower than the true value. Hence, the actual number of hours with temperatures lower than the limiting level is higher and so the actual power consumption for ventilation or cooling would once again be lower than the calculated value. Table 2 includes the average yearly numbers of hours with temperatures lower than 55 limiting levels (from -21°C to 33°C) determined based on 1961-2000 data at 30 sites in the Czech Republic. The data in the table can be used to assess the frequency of occurrence of a certain air temperature at sites at different altitudes and with different average yearly temperatures.
CoNClusioN
A method for estimating the number of hours during which air temperature is lower than a preselected limiting level in situations where only the minimum, average, and maximum daily temperature data are available has been suggested and tested. If the limiting temperature (θ lim ) lies between the minimum (θ min ), and average (θ avg ) temperatures, the number of hours (τ d ) with temperatures lower than the limiting level during one day is calculated by using the equation (all temperatures in °C). If the limiting temperature lies between the average and maximum (θ max ) daily temperatures, the relationship:
